African trypanosomiasis is accompanied by profound general immunosuppression. The experiments described here were designed to characterize the contribution of macrophages to the immune pathology of this disease. We used peptonestimulated, uninfected mice and injected them intraperitoneally with lethally irradiated and 3S-labeled Trypanosoma brucei and parasite-specific antisera.
Peritoneal macrophages were thus induced to take up in vivo a defined number of trypanosomes. After the phagocytosis of parasites, macrophages were transferred into uninfected syngeneic mice, where they mimicked some of the important immunological changes normally associated with active trypanosome infection: (i) splenic background plaque-forming cells increased nonspecifically and (ii) the specific immune response to sheep erythrocytes was either enhanced or suppressed, depending on the timing of the antigen challenge: priming simultaneously with the transfer of typanosome-containing macrophages enhanced immune responsiveness; in contrast, if parasite-containing macrophages were transferred and recipient mice were primed 4 days later, the immune response was suppressed. A contribution of suppressor T cells was ruled out by the treatment of peritoneal exudate cells with anti-Thy 1.2 and complement before transfer into recipient mice. The results indicate that macrophages are key cells in the mediation of parasite-induced immune dysfunction.
African trypanosomiasis (sleeping sickness) in human and animal hosts is accompanied by strong generalized immunosuppression (12, 14, 16, 30) . Experimental infection in mice leads to polyclonal proliferation of B-, T-, and null cells in the blood, spleen, peritoneum, and bone marrow (5, 8, 24 ). An initial phase of increased immune responsiveness is followed by severe immune depression of responses to the parasite itself (D. L. Sacks and B. A. Askonas, Eur. J. Immunol., in press) and to parasite-unrelated antigens (16, 17, 18, 22, 29) . All B-and T-cell subsets tested so far become functionally defective (8, 18, 27) , with the exception of mediators of delayed-type hypersensitivity reactions (8, 16) . This raises the question as to cellular pathways of trypanosome-induced immunosuppression: Do the parasites interact directly with their various target cells, or are there one or more central cell types capable of relaying the trypanosome signal to its eventual targets (21) ? We considered macrophages (M0) as likely candidates for a mediator role. There were several reasons for this. The function of M0 as scavengers in the elimination of particulate substances is implicit (25) . They might therefore be expected to be active in the uptake and destruction of trypanosomes. It has also been recognized that macrophages may handle particulate and soluble substances in such a way as to enhance their immunogenicity (11, 34) . In addition to presenting antigen, macrophages may become "activated" in a great variety of pathological processes, ranging from neoplastic changes to viral, bacterial, or protozoal infections (reviewed in references 6, 20, 26) . Both antigen-presenting and activated M0 are important modulators of immunity and participate in the regulation of lymphocyte function (reviewed in references 33, 35) . In experimental models of sleeping sickness, the existence of both suppressor M0 and T-cells has been documented (8, 18, 21, 27) ; however, it is still unclear whether M0 play an important role in the immunological changes in the disease. We therefore had a closer look at the nature of the M0 contribution to the immune dysfunction so characteristic ofAfrican trypanosomiasis. Our experimental system had to fulfill two important criteria. First, it was necessary to quantitate the uptake of parasites by M0 (M0-tryp). Second, any parasites which might escape phagocytosis and destruction by M0 had to be prevented from establishing an active and progressive infection in their hosts; otherwise, it would have been impossible to attribute immunological changes to the uptake of parasites by the M0. Thus, we used lethally irradiated and noninfectious parasites throughout the experiments. Parasite uptake by donor M0 was determined quantitatively with radiolabeled trypanosomes, and antiserum ensured the absence of free parasites in the peritoneum. The in vivo immunological effects of these M0-tryp were then studied in normal syngeneic recipients.
We find that MO from uninfected mice can, after the controlled uptake of Immunofluorescent staining of PEC. Staining was as described previously (2) . Chilled samples of PEC in BSS were pelleted by centrifugation and suspended in RPMI 1640-10% fetal calf serum (RPMI/ 10) supplemented with 10 mM NaN3 and buffered with 0.03 M N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES) at pH 7.2. After the cells were washed twice, about 3 x 106 cells in 0.1 ml were exposed for 30 min at 0°C to 50 to 150,ug of the reagent described below. Cells were subsequently washed three times in the cold, and cell smears were prepared and fixed for 5 min in methanol. The specific fluorescent reagent was fluorescein isothiocyanate-coupled monoclonal rat immunoglobulin M (IgM) (NIMR1; boric acid precipitate of ascitic fluid) directed against mouse theta antigen. The binding of the latter reagent was not blocked by the cytotoxic anti-Thy 1.2 antibody and was kindly given to us by Ann Chayen.
Assay for hemolytic PFC. Splenic plaque-forming cells (PFC) were assayed by the slide modification of the Jerne technique (9) . Background PFC to trinitrophenyl-substituted sheep erythrocytes (TNP,o-SRBC) were assayed in unprimed mice 4 days after injection of PEC. TNP-modified SRBC are sensitive indicator cells for PFC responses to nonspecific mitogenic stimuli, such as lipopolysaccharide or trypanosomes, in the absence of immunization with antigen (29) . In contrast, the specific primary immune response to SRBC was evaluated 6 days after priming mice intraperitoneally with 8 x 106 to 4 x 107 SRBC. Low SRBC priming doses, which normally produce a negligible IgG PFC response, were used to show enhancement of the PFC response by M0-tryp injection.
Conversely, a high SRBC priming dose was used to show suppression of the control IgG response and, to a lesser extent, the control IgM response, resulting from the injection of M0-tryp 4 days before the SRBC challenge. In all assays using unmodified SRBC as indicator cells of splenic PFC, indirect (IgG) PFC were developed by using a rabbit antiserum specific for mouse IgG.
Biosynthetic labeling of trypanosomes with [36Slmethionine. Trypanosomes were harvested and purified as described above and suspended at 1.25 xthree times in RPMI/5 with a three fold excess of nonradioactive methionine. This trypanosome preparation was infective for normal mice and had agglutination titers with specific antibody comparable to those of freshly isolated parasites.
Labeling of CRBC with 51Cr. A total of 5 x 108 CRBC was incubated in 1 ml of phosphate-buffered saline plus 0.4 ml of sodium chromate solution at 20°C and washed three times in phosphate-buffered saline (Amersham Radiochemicals; 300 ,uCi/mg). RESULTS Uptake of radiolabeled trypanosomes and CRBC by PEC. Since we wanted to compare the effects of trypanosomes after phagocytosis by M0 with those of motile but lethally irradiated trypanosomes, and also with phagocytosed CRBC (M0-CRBC), it was necessary to quantitate the in vivo uptake of parasites or CRBC by PEC. Mice were injected with [35S]-methionine-labeled trypanosomes or 51Cr-labeled CRBC, in conjunction with appropriate specific antisera, and PEC were assessed for radioactivity of the PEC and for any free parasites or CRBC. In pilot experiments, PEC were harvested at various time intervals after 35S-labeled trypanosome injection. We found that optimal yield of M0 with maximal uptake of parasites occurred 1.5 to 2 h after parasite injection.
The PEC yield varied from 1 x 107 to 2 x 107 cells; 107 PEC took up about 1% of the injected parasites, and no free parasites were detected in the peritoneal fluid harvested (detection limit, 5,000 free trypanosomes). In the absence of antibody to the parasite, most of the parasites remained free in the peritoneal fluid. The injection of 3 x 107 CRBC resulted in uptake of radioactivity equivalent to 1.25 x 10" CRBC/107 PEC.
M0-tryp enhance background PFC responses. Trypanosomes are known to induce proliferation of lymphocytes and other cell populations. To assess whether these effects could be mediated by M0, we tested the mitogenic potential of M0-tryp by injecting mice with 4 x 10' M0-tryp containing the equivalent of 105 parasites and measuring the background PFC response to TNP40-SRBC 4 days later. PFC levels were 2.5-fold higher than in control mice which had received normal macrophages (Fig.  1) . The injection of 105 motile but irradiated trypanosomes led to an enhancement of PFC similar to that resulting from M0-tryp. Although macrophages can mediate the mitogenic trypanosome signal, they do not seem to enhance the efficiency of its transmission. It is likely, however, that even freely motile but lethally irradiated trypanosomes eventually are taken up by M0 and thus behave similarly to MO-tryp.
Enhancement and suppression of the primary immune response to SRBC. Trypanosomes and trypanosome-derived preparations have been shown to possess both immunostimulatory and, after some delay, suppressive capacity. M0-tryp had a similar potential for the modulation of immune responses (Fig. 2) . Experimental conditions were designed such that all parameters in the enhancement/suppression groups were identical, except for the time period allowed to elapse between the injection of M0-tryp and priming with SRBC: priming immediately after M0-tryp injection led to enhanced immune responsiveness, whereas priming 4 days after the MO-tryp transfer resulted in suppression of the anti-SRBC response. It is apparent that the IgG response is more susceptible to modulation than the IgM response.
The experiments depicted in Fig. 3 (Fig. 3) . The levels of IgG-secreting spleen cells increased 6.5-fold, whereas the IgM antibody response was only weakly affected. After uptake by M0, the trypanosomes were somewhat more stimulatory than the free organisms, but the difference was small. Figure 4 shows suppression of the anti-SRBC response. For this experiment, we primed 4 33, 1981 on October 19, 2017 by guest http://iai.asm.org/ Downloaded from mice. Both IgM and IgG levels were depressed after the injection of M0-tryp. There was evidence of an amplification of the immunosuppressive potential of trypanosomes after their phagocytosis by macrophages, because equivalent amounts of free trypanosomes were less effective in reducing immune responsiveness.
T-cells do not contribute to immunosuppression in the PEC transfer system. PEC contain a small proportion of T-cells; since T8 have been described previously in trypanosomiasis (8, 18, 27) , we examined whether the immune suppression in our present experiments could be attributed to T8. We therefore tested _.r. the effect of M0-tryp after removal of T-cells by treatment with anti-Thy (Table  2 ). In comparison with M0-tryp, the suppression produced by M0-CRBC was weak, even when the antigen load of M0 was increased fivefold (cf. Fig. 2 and 4 ). It appears that trypanosomes have a constituent(s) which gives them a specifically high potential for M0-mediated immunosuppression. DISCUSSION Many factors contribute to the immunosuppression resulting from trypanosomiasis. T8 have been defined (8, 18) , and some in vitro studies have implicated adherent splenic cells or PEC from infected animals in the inhibition of responses to B-and T-cell mitogens (8, 18) or SRBC (37) . Eardley and Jayawardena (10) (4) . A nonspecific mitogenic stimulus is reflected in the increase of splenic background PFC (Fig. 1) . A primary antigen challenge administered simultaneously with M0-tryp reveals the adjuvanticity of the latter (Fig. 2 and 3) . Consequently, polyclonal mitogenic stimulation leads to depletion or defective functioning of antigen-responsive B-cells as indicated by the reduced PFC response obtained when mice were primed 4 days after M0-tryp injection ( Fig. 2 and 4) .
The existence of a trypanosomal B-cell mitogen has been proposed before (8, 13, 36) How efficient are M0 in mediating trypanosome effects? We compared the mitogenic, adjuvant, and suppressive ability of M0-tryp with that of motile but lethally irradiated trypanosomes at equivalent dosages (Fig. 1, 3, 4) . Back- ground PFC enhancement and amplification of the primary SRBC response are at least as strong with M0-tryp as with trypanosomes alone. M0-tryp-mediated suppression was stronger than that caused by free trypanosomes. We interpret these results as an indication that M0 are at least one important direct target cell for parasite activity. At present, we do not know whether M0 merely secrete a trypanosome component which then acts on lymphoid cells, or whether the trypanosomes in some way alter the regulatory role of M0 in immune function. Since lipopolysaccharide, which interacts with M0 exerts comparable effects (it acts as mitogen/adjuvant and later causes immunosuppression), we suspect that these substances affect M0 in similar ways. While not excluding the possible involvement of other regulatory cell types, we feel that M0 play a crucial role in inducing the immune dysfunction in experimental T. brucei infection.
